The grasslands dominated by Bromus erectus and/or Brachypodium rupestre cover large areas on sandstone and marl-clay-sandstone substrata (limestone is excluded), of the Apennines and pre-Apennines between Pistoia and Arezzo provinces (Tuscany, Central Italy). Our investigation was focused on to 71 unpublished relevés and 45 literature relevés from Tuscany and surrounding areas, reporting the original relevés of Astragalo monspessulani-Brometum erecti, Centaureo bracteatae-Brometum erecti and Ononido masquillerii-Brometum erecti. The relevés were submitted to exploratory multivariate analysis, allowing to detect nine distinct groups. Their consistence was verified by mean of NMDS against Ellenberg/Pignatti indicator values, and CCA constrained against chorotypes and growth forms. Diagnostic species of the definitive groups resulting from the analysis were chosen according to species fidelity, based on the φ coefficient of association. The analysis splits the data set in two main subclusters; the first one (A) includes few relevés of low altitude, thermophilous conenoses, interpreted as a transition between the submediterranean aspects of Festuco-Brometea class and other Mediterranean herbaceous and shrubby classes; the second subcluster (B) includes most of the data set and can be clearly subdivided in pioneering, mesoxerophilous communities (B1 and B2a groups) and mesophilous communities (B2b group). The relevés of clusters B1 and B2a are referred to Coronillo minimae-Astragaletum monspessulanii association and to three other groups: Plantago argentea-Carex caryophyllea communities, Tragopogon samaritani-Bromus erectus communities, Festuco trachyphyllae-Brometum erecti ass. nova. The mesophilous group (B2b) includes the original Centaureo bracteatae-Brometum erecti and Ononido masquillerii-Brometum erecti relevés, together with a slightly differentiated community; due to the non-relevant differences between these grassland types from floristic, ecological and chorological perspectives, we propose herewith to treat them as three subassociations of Centaureo bracteatae-Brometum erecti (typicum, ononidetosum masquillerii and linetosum cathartici). Post-cultural grasslands in human-disturbed areas were also detected. All these communities can be attributed to Polygalo mediterraneae-Bromenion erecti suballiance (Bromion alliance), even if a clear subdivision between the mesoxerophilous pioneer aspects and the more mesophilous and evolved ones can be noted. Keywords: Bromion erecti, Ellenberg Indicator Values, grasslands, multivariate analysis, Northern Apennines, phytosociology, syntaxonomy.
INTRODUCTION
European dry grasslands belonging to FestucoBrometea class are considered by the European Community as seminatural habitats of high conservation value, listed in Annex I of the Habitat Directive (92/43 EEC, with Natura2000 codes 6210, 62A0): their presence and conservation are generally related to human management (Biondi 2005) . In the last two decades several papers were devoted to the syntaxonomical problems of these communities in Europe (see Royer 1991; Mucina & Kolbek 1993 , Dengler et al. 2003 , Dengler 2004 , Chytrý et al. 2007 , Mucina et al. 2009 , Terzi 2011 , including Italy, with particular concern on the peninsular regions (Biondi et al. 1995 , 2005 , Di Pietro 2011 , Biondi & galdenzi 2012 . Based on the afore mentioned literature data about Italy, some considerations raised: i) much of the information on this vegetation type consists in local contributions mainly focused on the limestone substrata of central and southern Apennines; ii) very few studies have been carried out in the north-western Apennines (e.g. Castelli 1995 , Zanotti et al. 1995 , 1998 , Castelli et al. 2001 , Barcella & Assini 2013 .
In past and recent revisions of Apennine Festuco-Brometea grasslands, whose references are quoted above, contributions from Tuscany were poorly represented. Indeed published vegetation relevés attributed to this class in the Tuscan region are usually dispersed in extensive vegetation surveys of restricted areas and invariably analyzed apart without comparing all the available data and without the aim to define general floristic-ecological trends. Moreover, most of the available data refer to dry grasslands on calcareous and ultramafic substrata (Arrigoni et al. 1983 , 1997 , Arrigoni & Bartolini 1997 , Casini & De Dominicis 1999 , Viciani et al. 2002a , Arrigoni 2003 , Angiolini et al. 2003 , Lastrucci et al. 2009 , Viciani & gabellini 2013 , whereas information about sandstone and marl-claysandstone substrata is scarce, and addressed to restricted areas in eastern Tuscany (Biondi et al. 1985 , 1988 , Viciani et al. 2002b , 2004 , Viciani & gabellini 2006 . In two of the above quoted papers, two new associations were described: Coronillo minimae-Astragaletum monspessulani (Biondi et al. 1985) and Ononido masquillerii-Brometum erecti (Biondi et al. 1988) . Recently, several field research promoted by Local Administrations were carried out, mainly in order to improve the knowledge on habitats of conservation concern (e.g. Foggi & Venturi 2009 ), allowing to collect several new dry grassland vegetation relevés.
In order to implement the phytosociological knowledge on the Festuco-Brometea grasslands growing on non-calcareous substrata, we focus on the following questions: 1) is the diversity of Tuscan vegetation types on sandstone and marl-clay-sandstone substrata already known? 2) is the traditional classification of the FestucoBrometea class at the level of orders, alliances and suballiances adequate to describe these vegetation types?
MATERIAL AND METHODS

Data sources and vegetation sampling
A total of 71 original phytosociological relevés were performed with Braun-Blanquet (1932 , 1964 method also in accordance to the pragmatic rules given by Dengler et al. (2005 Dengler et al. ( , 2008 . The general position of all the relevés used for the analysis has been reported on Figure 1 . These relevés are deposited in an Access data-base of the Laboratory of Botany the Department of Biology, University of Florence and are at disposition under request. All data exclusively concern grasslands located on sandstone or marl-clay-sandstone substrata, according to the geological map by Carmignani & Lazzarotto (2004) . Original relevés have been performed in 2007-2010 spring and summer periods, in a strictly homogeneity of physiognomy and physiography according to géhu (1988) . We only sampled grasslands where the dominance of grass species (Poaceae) and other herbs was clear and where only a little visible effect of succession was observed. The 45 published relevés included the original tables of some associations, described in Tuscany or in the surrounding areas and/or reported in vegetation studies for Tuscan areas. The references of the published relevés we used and a list of the original relevés with their geographical coordinates are reported in Appendix 1. Some literature relevés were excluded because of their high shrub cover values (no relevé with more than 25% shrub cover value was considered). Vascular plant nomenclature was unified following Conti et al. (2005 Conti et al. ( , 2007 with very few exceptions due to more recent nomenclatural changes.
The attribution to syntaxonomic ranks higher than association level and the selection of diagnostic species were determined by comparison with specific literature (Oberdorfer 1978 , Biondi et al. 1995 , 2005 , Rivas-MartÍnez et al. 2002 , Dengler et al. 2003 , Chytrý 2007 , Mucina et al. 2009 , Biondi & galdenzi 2012 , besides some other sources quoted specifically in the text.
The syntaxonomic nomenclature follows the International Code of Phytosociological Nomenclature (Weber et al. 2000) .
Vegetation classification
All 116 relevés (Table 1) were submitted to classification (cluster analysis) and ordination (PCoA and NMDS) with statistical software (package Syntax V, Podani 2002; PAST, Hammer et al. 2001 ). For cluster analysis we used UPgMA algorithm with Bray-Curtis as distance measure; for NMDS we used a Bray-Curtis distance too. Diagnostic species of the main vegetation units, obtained by the numerical classification, were identified using the phi-coefficient of association (Chytrý et al. 2002) , performed by software JUICE 7 (Tichý 2002) . According to Chytrý (2007) , species with phi ≥ 0.50 were considered as highly diagnostic, and species with phi > 0.25 as diagnostic. The species whose concentration according to Fisher's exact test was not significant at p<0.01 were disregarded. Furthermore, for the already described syntaxa, we reported the species considered as characteristic/differential by the authors of that syntaxon only if they proved to have a relevant phi-coefficient in our relevés. The relevés in Table 1 are arranged according to these procedures. Finally, some relevés were re-arranged according to our personal knowledge of the species and of the ecological situation of the sites.
We calculated un-weighted Ellenberg/Pignatti Ecological Indicator Value mean (EIV) for temperature, nutrients, moisture, soil reaction and continentality (Ellenberg et al. 2001 , Pignatti 2005 and chorotypes (Arrigoni 1983 , Takhtajan 1986 ). Furthermore we calculated weighted principal growth forms (Arrigoni 1996) .
In addition, constrained ordinations of the hypothesized groups were performed through canonical correspondence analysis (CCA) according to the distribution of species and growth forms. Its effect on the ordination pattern was tested using the Monte Carlo test with 9999 random permutations. The ecological requirements (indirectly calculated by mean of EIV) were plotted against the unconstrained NMDS ordination of the relevés.
RESULTS
The cluster analysis performed on the data set of 116 relevés (Figure 2) shows two principal subclusters (A and B). The subcluster A encompasses a small group of relevés made at low altitudes in the central part of the study area. They are floristically well-distinguished for a relevant cover of Mediterranean suffrutices and scrubs (Dorycnium hirsutum, Cistus monspeliensis, Teucrium capitatum) that are found in the class Rosmarinetea (RivasMartinez et al. 1991) and for the presence of thermophilous herbaceous species like Bothriochloa ischaemum, Melica ciliata, Galactites tomentosa, etc.
The second subcluster (B) can be further divided in two main groups: the smaller one (B1) includes relevés from the Pistoia province characterized by mesoxerophilous species as Plantago argentea and Koeleria lobata; the second larger group (B2) is further divided in two principal subgroups. B2a encompasses Coronillo minimae-Astragaletum monspessulani original relevés (B2a1) and other pioneer floristically differentiated communities related to scarcely evolved soils confined on mountain areas of northern-central (B2a2) and eastern Tuscany (B2a3).
The B2b subcluster can be referred to grasslands on more evolved and mesophilous soils and encompasses several distinguishable subgroups: mesophilous communities located in eastern Apennines (B2b1), Centaureo bracteatae-Brometum erecti original relevés and some other Tuscan relevés (B2b2), Ononido masquillerii-Brometum erecti association present only on Sasso di Simone and Simoncello Mt. (B2b3), finally a group of similar conenoses more strongly characterized by ruderal and human managed meadow species (B2b4).
The groups distinguished by cluster analysis have been tested against the Ellenberg/Pignatti Ecological Indicator values (EIV), the chorotypes and the growth forms (Figures 3, 4, 5) . The EIV NMDS (Figure 3) shows that groups B2b1, B2b2 and B2b3 appears positively related to nutrient (N), water availability (U) and soil reaction (R); others (B1 and B2a3) to temperature (T) and light (L) and negatively related to moisture (U). B2a1 and B2a2 groups appears to be more oligotrophic, while A results clearly separated from all the others groups and seems to be strictly related to T. group A is well distinguished also in the chorological CCA (Figure 4 ), because of its floristic composition very rich in Mediterranean species. B1 and B2a3 have a relevant portion of Mediterranean and Euro-Mediterranean elements, while the more mesophilous groups resulted to be characterized by European and Eurasiatic chorotypes. Some discriminating features can be illustrated also by the growth form CCA ( Figure 5 ), as some groups are positively related to the presence of graminoid and non-graminoid annual herbs (B1 and B2a3), others to a relevant portion of suffrutices (B2a1, B2a2), others to nongraminoid perennial herbs (B2b1, B2b2, B2b3).
In the synoptic table (Table 2 ) the fidelity phicoefficient (Chytrý et al. 2002 , Tichý 2002 ) of the diagnostic species was also reported.
DISCUSSION
group A -Bothriochloa ischaemum-
Melica ciliata communities ( These communities are termophilous grasslands located at very low-altitudes (70-145 m a.s.l.) near Montalbano hills (Prato Province) on clay-sandstone substrata. Several grass species (above mentioned) are co-dominant and many herbs (Galactites tomentosa, Crupina vulgaris) and suffrutices belonging to Mediterranean vegetation are present (Teucrium capitatum, Micromeria graeca, Dorycnium hirsutum, etc.) . The strong dominance of Mediterranean elements is evidenced by CCA of the chorotypes ( Figure 4) ; the EIV NMDS (Figure 3 ) highlights the termophilous and xerophilous character of these conenoses. Presence of some species as Bothriochloa ischaemum, Micromeria graeca, Teucrium capitatum, etc., once attributed to Xerobromion and recently Slika 3: Graf NMDS z devetimi združbami in okoljskimi spremenljivkami kot vektorji prikazanimi v dvodimenzionalnem prostoru določenem s prvo in drugo osjo. T -temperatura, L -svetloba, N -hranila, C -kontinentalnost, U -vlaga, R -reakcija tal. (Biondi et al., 1985) . The field survey extends the presence of this association also in the Casentino Valley (Valle Santa). The association refers to pioneer vegetation with Astragalus monspessulanus, Coronilla minima, Centaurea ambigua, Fumana procumbens, Linum tenuifolim etc.; it grows on scarcely evolved soils, subjected to a certain degree of erosion, on arenaceous or, more often, marl-clay-sandstone substrata. The association was originally assigned to Xerobromion alliance due the high presence of xerophilous species (Biondi et al. 1985 (Biondi et al. , 1986 but in the most recent revision of Apennine grasslands belonging to Brometalia erecti order (Biondi et al. 2005 ) the association was attributed to the Bromion erecti alliance, representing its pioneer aspect. The EIV NMDS (Figure 3 ) evidences the xeroheliophilous and oligotrophic character of these communities and the growth form CCA (Figure 5) shows a relevant presence of suffrutices (WS) . The community appears to be chorologically characterized by Apennine elements (Figure 4) . With the soil evolution, the association tends to evolve towards more mesophilous and nitrophilous grasslands such as Centaureo bracteatae-Brometum erecti (Biondi et al., 1986 , Viciani et al. 2002b (Viciani et al. 2002b ). The subassociation, described for the Emilia-Romagna sector of the Apennines (Zanotti et al. 1995) in lower aridity conditions with respect to the typical association (see Biondi et al. 1985) , is differentiated by species such as Sesleria italica, Campanula medium, Festuca robustifolia (maybe confused with other Festuca species) and Euphorbia cyparissias. Arenaria serpyllifolia, etc.) . These grasslands are similar to Coronillo minimae-Astragaletum monspessulani, as they are markedly pioneer and present numerous xerophilous species; they could be interpreted as a vicariant of Coronillo-Astragaletum on marl-deficient soils. The ecological affinity between these two communities is also highlighted by either EIV NMDS ( Figure 3 ) and growth form CCA ( Figure  5 ) where they show similar positions and trends. The two vegetation types seem to be chorologically quite different (Figure 4 ) since in Tragopogon samaritani-Bromus erectus communities the Apennine elements are less important and several chorological components (Eurosiberian, Mediterranean and Euro-Mediterranean) are more or less equally represented. Furthermore Coronillo-Astragaletum presents a slightly higher suffrutex cover (WS in Figure 5 ). Syndynamically, these grasslands tend to evolve towards acidophilous shrublands of the class Cytisetea scopario-striati (Angiolini et al. 2007 (Figure 3) . According with the ecology of this vegetation type, the chorotype CCA (Figure 4) shows high relevance of Mediterranean and Euro-Mediterranean elements. The growth form CCA ( Figure 5 ) evidences occurrence of annual species in the association. From the vegetation dynamics perspective, in condition of more-evolved soils, these meadows tend to be invaded by woody species such as Erica scoparia, E. arborea, Calluna vulgaris, Juniperus communis or J. oxycedrus, either forming a mosaic pattern with these shrubs or evolving towards acidophilous vegetation of the class Cytisetea scopario-striatae (see Angiolini et al., 2007 Table  1 ). These communities appear also ecologically and chorologically quite similar: they are positively related with N and U axis (Figure 3 ), and mostly characterized by Eurasiatic (s.l.) and European chorotypes (Figure 4 ). Similar trends are also shown by growth form CCA ( Figure 5 ), as they are positively related to a significant presence of perennial herbs. Due to the floristic, ecological and chorological overall affinity, from a syntaxonomic perspective, we prefer to consider all these relevés as belonging to the same association, divided in three distinct subassociations. According to the ICPN (Weber et al. 2000 Table 3 in Biondi et al. 1986) Diagnostic species: Galium mollugo subsp. erectum, Centaurea scabiosa subsp. scabiosa. The association was firstly described on marlsandstone substrata of Umbria-Marche Apennines, from hilly belt to 900 m a.s.l. (Biondi et al., 1986) . In the original description of the association, Centaurea jacea subsp. gaudinii was considered a characteristic species, but afterwards it was included in the differential species of Polygalo mediterraneae-Bromenion erecti suballiance by Biondi et al. (2005) . This vegetation type refers to meadows on evolved substrata, rich in mesophilous species of the Bromion alliance and also in several transgressive plants from MolinioArrhenatheretea class.
group B2a2 -
From the point of view of vegetation dynamics, with the abandonment of grazing these communities undergo the invasion by shrubs ( Juniperus spp., Spartium junceum etc.) and successively evolve towards Quercus cerris/Ostrya carpinifolia/ Fraxinus ornus woods (Biondi et al. 1986 ). The cluster analysis and Table 1 show that the association is present in two eastern Tuscan sites, always at altitudes lower than 1000 m a.s.l.: Monte Nero and The National Park of Casentino Forests. The analysis however evidence that this association is probably less widespread in Tuscany than it has been reported in previous studies.
The mesophilous and nitrophilous character of the association is shown by the EIV NMDS ( Figure 3) ; the growth form CCA ( Figure 5 ) and the chorotype CCA (Figure 4) These communities refer to mesophilous meadows with Bromus erectus and Ononis masquillieri originally described on marl-sandstone clayrich substrata of the Sasso Simone and Simoncello Mts. (Biondi et al. 1988) . These grasslands are typically in contact with the pioneer association Podospermo cani-Plantaginetum maritimae of the clay badlands, and develop at the head of the badlands, extending also towards areas not directly interested by erosion (Biondi et al. 1988) . Ononido masquillieri-Brometum erecti association was interpreted by original Authors as a vicariant of Centaureo bracteatae-Brometum erecti on marl-clay-sandstone substrata. The NMDS and CCA analyses evidence the same features showed by the two other subassociations of Centaureo bracteatae-Brometum erecti: the mesophilic and moderate hygrophilic character of the communities (Figure 3) , the relevant portion of perennial herbs among the growth forms ( Figure 5 ) and the important chorological contribution of European and Eurasiatic elements (Figure 4 ).
group B2b4 -Cichorium intybus-
Bromus erectus post-cultural mesophilous grasslands in humandisturbed areas ( (Figure 2 ). These communities are generally dominated by Bromus erectus and/ or Brachypodium rupestre, and rich in mesophilous species belonging to Bromion alliance with a relevant presence of transgressive species from Molinio-Arrhenatheretea. These features testify the ecological affinities with the above mentioned mesophilous communities. Notwithstanding, it is worth to note that some differential species are present. Some of these species are related to a recent past human management of the meadows (Bromus hordeaceus, Schedonorus arundinaceus, Holcus lanatus, etc.) and others are represented by post-cultural annual or perennial ruderal nitrophilous plants (Cychorium intybus, Galega officinalis, Lolium temulentum, Trifolium angustifolium, etc.) linked to traditional agro-pastoral activities.
The prevalent nitrophilous and mesophilous character of these communities is also shown by the EIV NMDS (Figure 3 ), whereas the significant presence of cosmopolitan species (see chorotype CCA in Figure 4 ) testifies the relation with human-management activities.
The diagnostic species of the nine detected groups, based on phi-coefficient, and on the ecological and syntaxonomic relevance here attributed, are reported in Table 2 For the other vegetation types here detected (group B) it can be inferred that the Bromion species, according to Mucina & Kolbek (1993) , are present in all the relevés, although their presence, both in number and cover values, is less relevant in the left part of Table 1 . According to Biondi et al. (2005) the non-calciphilous grasslands of the mesotemperate bioclimatic belt of the northern-central Apennines can be referred to the suballiance Polygalo mediterraneae-Bromenion erecti, which has as type the association Centaureo bracteatae-Brometum erecti. Biondi et al. (2005) highlighted that this suballiance includes some pioneer grassland types, like Coronillo-Astragaletum association, together with more mesophilous communities, like Centaureo-Brometum and similar aspects. Our relevés belonging to group B are separated by the cluster analysis in two main subgroups, the B1 and B2 clusters. The latter is further divided in two subgroups: B2a grasslands (Coronillo-Astragaletum, Festuco trachyphyllae-Brometum, Tragopogon samaritanus-Bromus erectus communities) are more pioneer and grow on shallow and less evolved soils, while B2b communities (Centaureo bracteatae-Brometum subass. typicum, subass. ononidetoum masquillerii, subass. linetosum cathartici and Cichorium intybus-Bromus erectus post-cultural grasslands) are more mesophilous and typical of deeper and evolved soils. Due to their ecological and floristic features, B2 communities can be attributed to Polygalo mediterraneae-Bromenion erecti suballiance, with both its pioneer (B2a) and its mesophilous aspects (B2b). On the contrary, B1 grasslands (Plantago argentea-Carex caryophyllea communities) share with B2a some similar ecological aspects (pioneer features, non-evolved soils, etc.) but, from a strictly floristic perspective, they appear impoverished in diagnostic species of higher syntaxa; however, we also refer these communities to Polygalo mediterraneae-Bromenion erecti and Bromion, but this attribution should be confirmed by further field data and analyses.
Regarding the attribution at the order level, several syntaxonomical disputations have been more or less recently produced by several authors about the ecological requirements and the nomenclatural validity of the order Brometalia erecti (e.g. Dengler 2003 , 2004 , Dengler et al. 2003 , Mucina et al. 2009 , Terzi 2011 , Di Pietro 2011 , Biondi & galdenzi 2012 , Becker et al. 2012 . In this work we use the name Brometalia erecti Koch 1926 according to Biondi & galdenzi (2012) , waiting for a definitive sentence of the ICPN nomenclature Committee (Weber et al. 2000) about its rejection and substitution by Brachypodietalia pinnati Korneck 1974, as suggested by Dengler et al. (2003) and Mucina et al. (2009 
Unpublished relevés of Table 1 -Geolocalization
For each unpublished relevé the number is followed by the coordinates UTM WgS84 x and y. 140  140  145  978  1017  996  964  965  850  860  850  540  680  750  980  950  1010  960  1000  1000   Aspect   SW  S  S  --W  -E  S  ENE  SE  ESE  -WSW   W  SSW  SSW  SSW Number of the relevé in the original publication 1 2 6 7 3 8 10 12 14 5 9 13
Number of the 680  840  900  1030  920  1100  970  970  1040  1090  1160  1140  1110  1110  1090  970  900  850  800  700  770  750  850  770  800  800  950  910  870  910  900  850  870  900  910  910  830  900   WSW  SSW  WSW  SE  SE  S  NW  -SW  SW  W  W  SW  S  S  N  -SW  SW  SW  E  SW  SW  SE  SE  SW  -SE  S  NE  E  SW  SW  -----45 85 95 100 100 100 100 95 90 85 100 100 100 100 100 95 100 100 100 95 100 100 100
Slope ( 836  755  685  400  460  565  520  750  730  380  980  1100  950  950  940  1065  950  960  980  980  1120  1070  930  980  1030  1060  1050  650  670  880  760  780  610  780  700  700   NE  S  W  NNW  WNW  ENE  ENE  NW  N  S  -SW  W  SW  W  SE  E  SE  SSW  E  SW  S  -W  S  --NE  E  W  SE  S  SSE  SSW  SW  S  100 100 100 100 100 100 100 100 100 100 100 40 100 100 100 100 100 100 100 100 70 70 95 100 95 100 100 100 100 100 100 100 100 98 1 2 2 1 1 1 1 1 . 1 + 1 1 + 2 Table 2 : Synoptic table of the nine detected groups with frequency (in bold) and fidelity phi-coefficient. The abbreviations of the groups are the same as in Figure 2 . 
Molinio-Arrhenatheretea
